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Seismic Attributes - from Interactive Interpretation 
to Machine Learning

Presenter
Presentation Notes
In this section I will summarize those attributes that measure geometry or shape of seismic reflectors. Geometric attributes include volumetric estimates of dip and azimuth, curvature, changes in waveform shape, and lateral changes in seismic amplitude.



Geometric attributes that map reflector configuration 
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1. Dip magnitude and dip azimuth

2. Reflector convergence

3. Reflector nonparallelism

4. Curvature and aberrancy

5. Shape index and curvedness

Presenter
Presentation Notes
The first subset of geometric attributes measures reflector configuration. Coherence measures lateral discontinuities, so can be listed here or in with attributes that are more sensitive to textures as I do in this short course.



After this section you will be able to:

• Use the shape index and curvedness to delineate features that have dome, ridge, 
saddle, valley, bowl, and planar shapes 

• In interactive interpretation, use the shape index modulated by curvedness to 
construct carbonate buildup and karst collapse geobodies

• In machine learning interpretation, use the shape components to help 
differentiate target features with a given shape from the general geologic 
background

The Shape Index and Curvedness
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Shape index and biometric identification
photographic image distance scan

Shape indices

(Woodward and Flynn, 2004)5d-4

Presenter
Presentation Notes
(a) An intensity image and (b) a range (what geoscientists would call a “topographic”) image of a human hand. (c) Shape indices of the middle three digits. Look at your own fingers and try to match the details of the ridges and valleys around your knuckles to those in the image. After Woodward and Flynn (2004). 




k2

k1

Geometry defined by 
the two principal 

curvatures, k1 and k2

(Marfurt, 2018)5d-5

Presenter
Presentation Notes
Wolfram, a scientific calculator product, provides this nice interactive demo of the two principal curvatures k1 and k2, which are equivalent to the eigenvalues λ1 and λ2 of the matrix defining a quadratic surface under http://demonstrations.wolfram.com/EigenvaluesCurvatureAndQuadraticForms/. (a) A suite of (k1, k2) pairs arranged such that anticlinal features correspond to positive values of curvature and synclinal features to negative values of curvature. Note that negative curvature has a positive value for dome-shaped features and positive curvature has negative values for bowl-shaped features. In each case, there is no apparent (Euler) curvature of greater negative or positive value. (b) The same images, but now with the corresponding eigenvectors ψ1 and ψ2 rotated by 90°.
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curvatures, k1 and k2
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(Mai, 2010)

The shape index, s:

)(2

12

12

kk
kks

−
+

−= ATAN
π

21 kk ≥

The principal curvatures: s=-1.0 bowl

s=0.0 Saddle

Domes=+1.0

s=-0.5 Valley

Ridges=+0.5

The curvedness, C:

( ) 2/12
2

2
1 kkC +=

5d-7

Presenter
Presentation Notes
The definition of the shape index in terms of principal curvatures k1 and k2. If the shape index s equals ­–1.0, we have a bowl. If s = –0.5, we have a syncline. If s = 0.0, we have a saddle. If s = +0.5, we have an anticline, and if s = +1.0, we have a dome. Whereas the shape index defines the kind of deformation, the curvedness C defines the magnitude of the deformation. After Chapter 2, Figure 9 of Mai (2010). Used by permission.



The shape of Earth’s gravity field
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Presenter
Presentation Notes
Here is a non-seismic, but still geophysical application of the shape index. Recall that the earths gravity field is low over the cratons (which appear as blue) and high over the oceans (which appear as red) separated by gravity ridges (which appear as yellow). https://phys.org/news/2018-11-views-earth-tectonics.html



Shape index and curvedness of molecules – used to map receptors

(https://www.researchgate.net/profile/Amor_Haddad)
Color bar inverted
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Presenter
Presentation Notes
I just had to add this kind of image as I isolate myself from humankind during the Covid19 epidemic. The point is, shape indices are fairly commonly used.
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Great South Basin, NZ
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Presentation Notes
Time slices at t = 1.456 s through the (a) shape index volume, (b) curvedness volume, (c) corendered shape index and curvedness volume, and (d) corendered shape index, curvedness, and coherence volume. Although the syneresis (commonly called shale dewatering) features indicated by the yellow arrow in (a) appear as blue, indicating a local bowl shape, this time slice also shows many other areas in blue, such that this image by itself has limited interpretation value. In (b) the zones of syneresis (orange arrow) and faulting (white arrow) express high curvedness, indicating high deformation. In contrast, the shelf area (green arrow) is more planar and exhibits less curvedness. The cyan arrows also exhibit low curvedness, but will have GLCM texture anomalies as seen in subsequent figures. Modulating the shape index by the curvedness in (c) shows the bowl shape (blue) syneresis features (orange arrow) to be bound by ridge-shaped (yellow) faults. The faults in the southeast part of the survey (white arrow) appear as ridges (yellow) on the footwall and valleys (cyan) on the hanging wall. On the shelf (green and cyan arrows), there is little deformation, so the colors are muted, approaching gray, which represents a planar feature. Adding a third layer of coherence in (d) delineates the bowl-shaped syneresis features (orange arrow). The white arrow indicates a valley-shaped graben between two faults delineated by coherence.
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Great South Basin, NZ
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Great South Basin, NZ
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Shape index, s

Filters to enhance structural shape components

Bowl Valley Saddle Ridge Dome

(Marfurt, 2018)5d-14
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Use an attribute calculator if necessary

Presenter
Presentation Notes
 A raised-cosine filter applied to the shape index. Such filters are multiplied by the curvedness C=(k12 + k22)1/2, thus allowing us to quantify the structural features that are most like a plane, bowl, valley, saddle, ridge, or dome.



Bowl shape component
Bowl shape
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Great South Basin, NZ
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Often geologic targets have specific shapes that can be used either interactively to generate geobodies or as input to subsequent multiattribute classification analysis. Carbonate buildups often appear as domes and ridges, whereas collapse features often appear as bowls. In the GSB survey, the syneresis features seen in this figure also appear as bowl shapes shown as (a) a time slice at t = 1.456 s and (b) in 3D geobodies using a 0.100-s window above a coherence time slice at t = 1.500 s.



Syneresis geobodies extracted as bowl shapes
Bowl shape
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Great South 
Basin, NZ
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Boxprobe rendering of ridge and dome shapes 
with a coherence time slice

(Marfurt and Chopra, 2010)

Horseshoe Atoll, 
west Texas, US
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Presentation Notes
By turning the box cube on and off, I can verify that the hypothesize pinnacle reef has the appropriate shape when viewed on the vertical seismic data. (Data courtesy of Parallel Petroleum LLC).




In Summary:

• The shape index and curvedness form a pair, where the shape index defines the 
morphology and the curvedness the degree of deformation

• For planar events, the curvedness is zero and the value of the shape index is meaningless

• A simple filter applied to the shape index and curvedness provides a volume that 
measures the probability that any voxel has a given shape

• Shape components will be useful input to machine learning facies classification in 
identifying channels, carbonate reefs, and karst collapse

Shape index and curvedness
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